Context: As thyroid cancer incidence rises, more patients undergo thyroid surgery. Although postoperative complication rates have been reported in single institution studies, population-based data are limited.
of thyroid surgery-specific complications, including hypoparathyroidism, are often managed by nonsurgical specialists, such as endocrinologists (8, (10) (11) (12) (13) (14) . Despite the increasing number of thyroid surgeries nationwide, population-based data on postoperative complication rates are limited, with most existing evidence reported from high-volume single-institution studies (10, 13, (15) (16) (17) . Results from these studies may not be generalizable to the population at-large because most were conducted at high-volume centers, where thyroid surgery complication rates have been shown to be lower (18) (19) (20) . Additionally, many of the existing studies did not solely focus on thyroid surgery for cancer, on identifying at-risk populations to target for directed interventions, or on allowing adequate follow-up to assess long-term thyroid surgery-specific complications.
To address this knowledge gap, we performed a large population-based study of patients who underwent surgery for differentiated follicular-derived (papillary, follicular, or Hürthle cell) or medullary thyroid cancer between 1998 and 2011 using the Surveillance, Epidemiology, and End Results (SEER)-Medicare database. In addition to examining the rates of both general and thyroid surgery-specific postoperative complications in these patients, we sought to identify at-risk groups who may benefit from interventions to reduce risks.
Methods

Data source and study population
The SEER Program is a nationally representative populationbased cancer registry sponsored by the National Cancer Institute (2) . It currently comprises 20 sites and includes ;28% of the US population (2) . Data tracked by SEER include patient demographics, tumor characteristics, treatment, and outcomes information. In 1991, the SEER-Medicare database was created by combining the SEER patient records with Medicare reimbursement claims data, with successful linkage achieved for .90% of patients (21).
For the current study, the cohort consisted of all patients from the SEER-Medicare linked database who underwent surgery for differentiated thyroid cancer (papillary, follicular, or Hürthle cell histology) or medullary thyroid cancer between 1 January 1998 and 31 December 2011. Patients who did not undergo surgery for their thyroid cancer and patients with anaplastic thyroid cancer were excluded. A total of 27,912 patients were identified.
The study was exempt from the University of Michigan Institutional Review Board.
Measures
For our study cohort, the data included information on patient age (categorized as #65 and .65 years old), race, and ethnicity, as defined by the SEER database (white, black, and other; other including Hispanic, Asian, North American Native, and other). Measures of socioeconomic status included median household income, percentage of patients with only high school diploma and rural-urban continuum. Tumor characteristics included tumor histology (papillary, follicular, Hürthle cell, and medullary), tumor size (#1, 1.1 to 2.0, 2.1 to 4.0, and .4.0 cm), and SEER stage at diagnosis (localized, regional, and distant). The type of thyroid cancer surgery (lobectomy or total thyroidectomy) and the presence or absence of lymph nodes resected were also included. The Charlson/Deyo comorbidity score was calculated using the validated Charlson/Deyo comorbidity score mapping table (Supplemental Data) and categorized as 0, 1, and $2. Missing data on race (,2%), median household income (10.6%), percentage with no high school diploma (10.6%), rural-urban continuum (,2%), tumor size (7.5%), and lymph nodes resected (,2%) were excluded from the analyses. After exclusion of missing data, the total number of patients with a complete set of information was 22,867. All analyses were based on the 22,867 participants.
Using the International Classification of Diseases, Ninth Revision and Current Procedure Terminology codes from SEER-Medicare data, we obtained information on postoperative complications after thyroid cancer surgery in our cohort (Supplemental Data). Postoperative complications were divided into general complications and thyroid surgery-specific complications. General complications were assessed in the first 30 days postoperatively and included postoperative fever; postoperative local complications, including infection and hemorrhage/hematoma; cardiopulmonary complications, including pneumonia, emergency intubation, or tracheostomy; and myocardial infarction and thromboembolic events, including pulmonary embolism and deep vein thrombosis. Thyroid surgery-specific complications were assessed between 31 days and 1 year postoperatively and included hypoparathyroidism/hypocalcemia and vocal cord/fold paralysis. Thyroid surgery-specific complications that were only present at 0 to 30 days postoperatively were excluded from the analyses (n = 12), thus avoiding inclusion of transient hypoparathyroidism and temporary voice abnormalities.
Statistical analyses
We generated descriptive statistics for our study cohort, including the frequency of general and thyroid surgery-specific postoperative complications. Univariate analyses were conducted to determine the association of patient characteristics with cardiopulmonary/thromboembolic complications, postoperative fever/local complications, hypoparathyroidism/ hypocalcemia, and vocal cord/fold paralysis. Multivariable logistic regression was used to identify factors associated with general and thyroid surgery-specific complications. The x 2 test for linear trend was used to determine trends of general and thyroid surgery-specific postoperative complications according to SEER thyroid cancer stage, patient age, and Charlson/Deyo comorbidity score. All data were analyzed using R version 3.2.4 (R Foundation for Statistical Computing) and SAS version 9.3 (SAS Institute). Table 1 illustrates the demographic characteristics of the study cohort. Most patients were women (70.5%) and white (79.7%). A total of 47.6% of patients were .65 years. Most of the study population had papillary thyroid cancer (84.8%) with localized disease (63.9%). A total of 67.0% of the patients had a Charlson/Deyo comorbidity score $2. Overall, there was a higher than expected rate of postoperative complications compared with most previously published literature, both for general complications (6.5%) and for thyroid surgery-specific complications (12.3%).
Results
As shown in Fig. 1 (a), 7.2% of patients with regional disease and 18.7% of patients with distant disease had general postoperative complications compared with 5.4% of patients with localized disease (P , 0.001). Regarding thyroid surgery-specific complications, these were present in 15.7% of patients with regional disease and in 22.9% of patients with distant disease compared with 9.9% of patients with localized disease (P , 0.001). Figure 1 (b) shows that 10.2% of patients aged .65 years developed general postoperative complications compared with 3.2% of patients aged #65 years (P , 0.001), whereas 19.1% of patients aged .65 years developed thyroid surgery-specific complications compared with only 6.1% of patients aged #65 years (P , 0.001). Figure 1 (c) demonstrates the rates of postoperative complications according to the Charlson/Deyo comorbidity score. A total of 2.4% of patients with a score of 1 and 9.0% of patients with a score $2 had general postoperative complications compared with 0.9% of patients with a score of 0 (P , 0.001). Additionally, a total of 6.9% of patients with a score of 1 and 15.9% of patients with a score $2 developed thyroid surgeryspecific postoperative complications as compared with 3.7% of patients with a score of 0 (P , 0.001).
Results of the univariate analyses of patient characteristics associated with specific general and thyroid surgery-specific postoperative complications are shown in Table 2 . Older age (.65 years), a higher Charlson/ Deyo comorbidity, and more advanced stage were all significantly associated with higher rates of all distinct general (Table 2 ) and thyroid surgery-specific complications (Table 2) .
Based on multivariable analysis ( 
Discussion
In this large sample of patients from our population-based study, we found that overall the rates of complications after thyroid cancer surgery are much higher than expected relative to previously reported data from most existing single-institution studies (10, 13, (15) (16) (17) . We found that older patients, patients with one or more comorbid conditions, and those with regional or distant disease are at increased risk for both general and thyroid surgeryspecific postoperative complications. General postoperative complications after thyroid cancer surgery have not been widely studied. The significantly high rates of general postoperative complications seen in older patients, patients with comorbidities, and those with regional or distant disease noted in our study are concerning for these at-risk populations. Most existing single-institution and multicenter studies on general complications after thyroid surgery focused on rates of postoperative hemorrhage/ hematoma, which have ranged between 0.3% and 2.1% (13, 14, (22) (23) (24) (25) . Increased age and the presence of comorbidities were found to be significant risk factors for pulmonary, cardiac, and infectious complications in a prior population-based study that had a 30-day postoperative follow-up (26), a finding also confirmed in our study. However, contrasting with our study, none of the existing studies on general postoperative complications focused on patients with thyroid cancer or additionally addressed thyroid surgeryspecific complications. Previously reported overall rates of thyroid surgeryspecific postoperative complications varied significantly, ranging between 0.4% and 7.4% in single-institution studies (16, 27, 28) . One study from Brazil reported an overall thyroid surgery-specific complication rate as high as 18.0%, but only 25% of the patients included had thyroid cancer (17) . No prior studies evaluated rates of thyroid surgery-specific complications in patients with distant disease, whereas our finding of rates up to 22.9% in patients with distant disease is alarming.
More specifically, vocal cord/fold paralysis rates have been reported between 0.2% and 3.9% in singleinstitution and multicenter studies (10, 13-16, 23, 25) . These studies had variable follow-up with the longest postoperative follow-up being 6 months. The only previous population-based study on vocal cord paralysis used SEER-Medicare data from 1991 to 2009 in patients who underwent total thyroidectomy for welldifferentiated thyroid cancer, and found that 9.5% of surgeries were complicated by vocal fold paralysis (29), compared with rates of 2.4% to 12.8% in our study. However, this prior study only included patients who underwent a total thyroidectomy and not a lobectomy, and the median follow-up for this prior study was 5.6 months. Our population-based study focused on describing vocal cord/fold paralysis rates after any thyroid cancer surgery between 31 days and a year postoperatively to more accurately depict rates of permanent vocal cord/fold paralysis (30) . We also identified populations at risk for thyroid surgery-specific complications.
Regarding permanent hypoparathyroidism rates, these varied between 0.1% and 8.8% in prior singleinstitution studies (10, 12-16, 23, 25, 31) . A populationbased study from South Korea using nationwide claims focused on the incidence of permanent hypocalcemia in patients who underwent total thyroidectomy plus or minus central neck dissection for thyroid cancer (12) . The follow-up was 1 year, and rates of permanent hypocalcemia were as high as 5.4%. In this other study, permanent hypocalcemia was assumed in patients who had calcium prescriptions filled for .80% of the 1 year after surgery, with the mean amount of daily calcium .1000 mg. This method may be problematic because patients who were prescribed calcium for different indications other than hypoparathyroidism may have also been captured and falsely included in the cohort. Conversely, our methods differed because we measured both hypoparathyroidism and hypocalcemia in the SEER-Medicare claims, recognizing that providers may bill with either of these diagnoses for the same issue. Although prior high-volume single-institution studies have demonstrated safety for thyroid operations (16, 23, 27) , we showed that on a population level with long-term follow-up, clinical outcomes vary and postoperative complication rates appear to be higher than previously reported. The discrepancy may be explained by the fact that most prior publications have been limited to data from high-volume centers with experienced surgeons, who may have more favorable outcomes than lowvolume surgeons. Even though it is widely accepted that high-volume surgeons have lower rates of incomplete resection, lower rates of compromised outcomes, and lower costs (19, 20, 32, 33) , earlier studies have shown that low-volume surgeons perform a disproportionate number of thyroid surgeries (19, 34) . Thus, because our study is population-based, it is probable that both lowand high-volume surgeons were performing thyroid In addition, several of the existing studies based postoperative complication rates on surgeon report, which may have led to underreporting of complications. Because permanent hypoparathyroidism/hypocalcemia and vocal cord paralysis are often diagnosed and managed by physicians other than the operating surgeon, our study method of using claims data with follow-up to a year is likely a more accurate assessment of the true incidence of these complications.
The results of our study show that older adults and patients with comorbid conditions are a vulnerable population and need special consideration, particularly regarding perioperative and postoperative care. This finding is corroborated by previous population-based studies that also found increased age conferring higher risk for postoperative complications in patients undergoing thyroid surgery (26, 35) . This is especially important because rehospitalization among elderly patients with thyroid cancer after thyroid surgery has been proven to be prevalent and costly, especially in those with complications during their initial hospital stay (36) . Additionally, postoperative complications in this population can have substantial adverse effects on long-term quality of life (26, 37) . We also showed that thyroid cancer patients with regional or distant disease constitute another at-risk patient population. Furthermore, although these data identified at-risk groups, with some groups having complication rates close to 20%, the postoperative complication rates in low-risk groups were also higher than previously reported because up to 6.4% of patients with localized disease had thyroid surgeryspecific complications.
Consistent with previous studies, we also found that more extensive surgery (i.e., total thyroidectomy vs lobectomy, lymph nodes resected vs not resected) correlated with increased rates of thyroid surgery-specific postoperative complications (8, (10) (11) (12) (13) (14) . This outcome is important and should weigh into treatment decisions for all thyroid cancer patients, but especially for the low-risk thyroid cancer patients where unnecessary extensive surgery could confer more harm than benefit. This is reflected by a recent shift in thyroid cancer guidelines advocating for lobectomy instead of total thyroidectomy as an option for patients with low-risk thyroid cancer (4) .
Strengths of this study include the population-based setting with longitudinal follow-up, the large sample size, and the inclusion of an extensive list of postoperative complications. Additionally, we assessed thyroid surgeryspecific complications between 31 days and 1 year after surgery and excluded those with a diagnosis exclusively in the first month postoperatively, therefore focusing on permanent hypoparathyroidism/hypocalcemia and vocal cord/fold paralysis. Our study is also unique in that it focuses on identifying vulnerable patients who would most benefit from risk-reduction interventions. However, our study also has limitations. Similar to previous studies using population-based data, diagnosis and procedure codes from health care claims were used in our study, and we recognize that data from large administrative databases may inherently be subject to errors in coding, sampling, and reporting bias. Additionally, because Medicare includes mostly older patients, our findings may not be as applicable to a younger population, and may partially explain the higher event rate compared with prior studies. Finally, because we only included patients with thyroid cancer, results of this study may not be generalizable to patients undergoing thyroid surgery for benign indications.
In summary, despite the aforementioned limitations, our comprehensive population-based study on surgical risks has important implications for both patients and physicians. Postoperative complications are not uncommon, with many of the thyroid surgery-specific complications primarily managed by nonsurgical specialists, such as endocrinologists, involved in the patients' long-term care. Given the risks, in select patients, such as those with low-risk thyroid cancer, less aggressive surgical approaches may be appropriate (4, 38) . In addition, evidence-based quality initiatives should be implemented to improve thyroid cancer surgical care and minimize postoperative complications in vulnerable populations. Our study combined with prior work suggests that there may be a need for interventions to improve referral of at-risk patients to high-volume surgeons, especially when more extensive resection is needed or advanced disease is suspected, and to improve patient care by eliminating obstacles to appropriate patient referrals (39) . For example, adopting a risk-based selective referral process of thyroid cancer patients to high-volume thyroid surgeons may offer a high-yield opportunity to improve patient outcomes in the long term. Additionally, there is a need for both physician and patient education. Physician education efforts should focus on effectively training low-volume surgeons to adopt best-practice strategies, minimize practice variation, and implement early recognition and prompt initial management of postoperative complications. Patients should also be adequately educated on possible thyroid surgery risks and complications and be encouraged to participate in shared decisionmaking.
